This research studied the effect of drying temperature on the kinetic of degradation anthocyanin in roselle extract drying with foam under dehumidified air at temperatures ranging 40-60 o C. During the drying process, the anthocyanin content in the roselle extract was observed every 20 minutes for 120 minutes. The data was used for estimating the kinetic parameters of anthocyanin degradation namely constant of anthocyanins degradation rate and reaction order. The kinetic parameters were estimated and fitted with experimental data at various drying condition. Result showed that the anthocyanins degradation closed to the second order reaction. Meanwhile, the constant of anthocyanins degradation rate at various drying temperatures followed Arhenius correlation. With the result, retention of anthocyanin during the drying can be well estimated for various drying time and temperature.
Introduction
Roselle calyces (Hibiscus sabdariffa L.) contain red pigment, named anthocyanins usually used as the natural food colorant. Application of anthocyanins pigment is safer for consumer than that of synthetic dyes [1] . The anthocyanins in roselle calyces can be directly used for certain food such as jams [2] , yogurt and cooked meat [3] , while the roselle extract can be applied for the beverage [4] .
The isolation of anthocynanin from roselle is not simple since it is unstable and easy to degrade (form undesirable brown color). The process as well as storage condition such as light, pH, temperature, and the presence of oxygen affected the stability of anthocyanins [5, 6] . Drying process can be an option for rosella extract preservation. With the drying, the moisture content in roselle extract is removed. Therefore, microbial activity can be inhibited [7] .
Currently, dried roselle extract was produced using microencapsulation technique using freeze dryer [4] . This technique was applied in jam and hard candy. The utilization of freeze dryer enhances the nutritional quality retention, but the process is costly [8] . The other optional process to produce the dried roselle extract is by combining foam mat drying and dehumidification system. Foam mat drying is a drying process with introduction of foaming agent in the wet material before drying. With the presence of foaming agent, the material forms a foam that can improve the surface area for drying process [9] . Hence, this process runs faster and the drying time can be shorter. Meanwhile in the dehumidification system, the moisture in air as drying medium was removed by an adsorbent. With lower humidity, the driving force for water transfer from product to air can be enhanced. As consequences, the process can be more effective, even at low drying temperature [7] .
This research studied kinetic of degradation and structural changes of anthocyanins during the roselle extract drying with foaming agent under dehumidified air as drying medium. The process was conducted in different temperature. As a response, the anthocyanin content was observed every sampling time. The data was used for estimating kinetic parameters on anthocyanin degradation. The parameters can be used to predict the total of the anthocyanin retention. Moreover, the drying time and temperature can be selected to find the higher anthocyanin retention in dry roselle extract.
Materials and Method

Materials
Roselle calyces were purchased from the herbal market in Solo, Indonesia. The calyces were identified by The Hortus Botanicus Bogoriense Herbarium as the species Hibiscus sabdariffa L (family Malvaceae). Distillation water was produced in Chemical Engineering Process Laboratorium and used within 24 h of production. Egg white was separated from the yolk to obtain the foaming agent. Glycerol Mono Stearate (GMS) as the foam stabilizer was from Sigma, Germany. Zeolite 3A was provided by Zeochem, Switzerland.
Method
This research was conducted in several steps that involved roselle extract pretreatment (roselle extraction and foam formulation), experiment of drying process, anthocyanins content analysis, and kinetic model development for anthocyanins degradation. The model was used for estimating the constant of degradation rate at various temperatures. Using the validated constant of degradation rate data, the Arrhenius model can be well developed.
Roselle extraction
The dried roselle calyces (0.25 mm size) were extracted using previous extraction method [10] . One hundred grams of dried roselle calyces was extracted with 1000 mL of distilled water for 30 minutes. The extraction temperatures were controlled in temperature 50±2.88 o C. The mixture was filtered using vacuum filtration to obtain the red roselle extract.
Foam formulation
Foaming agents, egg white, was added in roselle extract to form the foam structure. Foaming stabilizer, Glycerol Mono Stearate (GMS) was added to avoid foam destruction. One hundred ml of roselle extract was mixed with Egg white (4 gram) and GMS (0.4 gram). After that, the solution was whipped using hand mixer at maximum speed for 3 minutes.
Drying process
The foam solution was then placed in round plate (0.11 m diameter) for the drying process. The drying process was conducted in tray dryer with dehumidification process. The schematic overview of the dryer was listed in previous research [11] . Ambient air at around 31±0.25 o C and relative humidity 74±1.29 % was passed in dehumidification process using zeolite 3A (provided by Zeochem) to reduce the relative humidity up to 33±1.15 %. The air was then heated up to a drying temperature (supposed 40 o C). The hot air was used for roselle extract drying in tray dryer in linear velocity of 0.22 m.s -1 . The anthocyanins content was observed every 20 minutes for 120 minutes by pH differential method [12] . The process was repeated for different drying temperature (50 and 60 o C).
Determination of total anthocyanins content by pH differential method
The pH differential method was used to observe the total anthocyanins content of fresh and dried roselle extract [12] . The method was conducted to measure the absorbance value of fresh and dried roselle extract at pH 1.0 and pH 4.5 at two wavelengths, 520 nm and 700 nm. The pH changes can affect the color of anthocyanin pigments. At pH 1.0 the colored oxonium form exists. Meanwhile, at pH 4.5 the colorless hemiketal form exists. The absorbance was measured at 520 nm and 700 nm to correct the haze. The absorbance difference of the pigments at certain wavelength was proportional to the pigment concentration [13] . The absorbance was calculated using Equation 1 [12] .
(1) ( [12] . (2) where, DF is the dilution factor, MW is molecular weight of 449.2 g.mol -1 , A is the absorbance, A520 and A700 are absorbance at 520 nm and 700 nm, respectively,  is the molar absorptivity (26900), and d is the cuvette length (1 cm).
Kinetic model of anthocyanins degradation
Two main anthocyanins compound contained in roselle calyces extracts were delphinidin-3-sambubioside (71.4 %) and cyanidin-3-sambubioside (26.6 %) [14] . During the thermal processing, the anthocyanins degradation changed the structure of anthocyanins compound as illustrated in Figure 1 [15] [16] [17] .
The kinetic n th model was used to describe the kinetic of degradation anthocyanins ( Table  1 ). The statistical parameters namely R 2 and Root Mean Square Deviation (RMSD) were used to evaluate the kinetic model of anthocyanins degradation. The anthocyanins degradation can be expressed by the equations as listed in Table 1 , where CAo and CAt are total anthocyanins content of the roselle extract at time 0 and , respectively, kA is the constant of anthocyanins degradation rate, and n is reaction order.
Correlation between the constant of anthocyanins degradation rate and drying temperature can be expressed with Arrhenius as shown in Equation 5 . (5) where, Ea is the activation energy (J.mol -1 ), R is the universal gas constant (8.314 J.mol -1 .K -1 ), T is absolute temperature (K), and k0 is frequency factor or Arrhenius constant (min −1 ). The value of Ea and k0 are obtained by plotting the logarithm of constant of anthocyanins degradation rate (kA) versus the inverse temperature (1/T). This value can be used to predict the constant of anthocyanins degradation rate (kA) in higher drying temperatures.
FTIR analysis
FTIR spectrometer (Frontier FT-IR 96681 from Perkin Elmer, America) equipped with detector deuterated triglycine sulphate (DTGS), KBr as beam splitter, and connected to software Frontier's Spectrum 10 (Version 10.03.06). All FTIR spectra were recorded from 4000 to 400 cm -1 at a resolution of 4 cm -1 . The sample measurements were replicated three times.
Statistical analysis
The kinetic parameters were evaluated by linear regression method and using Polymath Educational 6.0 Software. The validation of kinetic model was evaluated based R 2 and Root Mean Square Deviation (RMSD). Kinetic model with R 2 approximately 1.0, and the lowest value of RMSD were selected to describe kinetic of anthocyanins degradation.
Results and Discussion
Kinetic of Anthocyanins Degradation
Environmental condition like pH, light, oxygen, temperature, sugar, and ascorbic acid affected the stability of anthocyanins during processing [5, 6] Figure 2 . Based on the research, it can be found that in higher drying temperature and longer drying time degraded anthocyanins significantly. Based on quantitative analysis using pH differential method, roselle extract in the foam mat formulation contained total anthocyanins around 56.11 mg.L -1 . At temperature of 60 o C the final anthocyanins content was 1.3 times lower than in temperature 40 o C.
In this drying method, combination of foam mat drying and dehumidification system resulted several advantages: (1) decreasing the drying time by enlarging surface are for drying(foam mat) and enhancing the driving force for drying with lowering the relative humidity (dehumidification); (2) lowering the drying temperature (40-60 o C) and retaining the nutrition or ingredients [9, 11, 19] . Compared to the previous study [20] , roselle extract processing in high drying temperature (70-90 o C) resulted higher constant of anthocyanins degradation rate than that of in low-medium temperatures (see Table 2 ). Thus, by lowering drying temperature, the anthocyanins compound in roselle extract can be potentially retained.
Kinetics of anthocyanins degradation (kA) during the drying process depends on temperature. The kinetic model was used to find the value of constant of anthocyanins degradation rate and the order of anthocyanins degradation at every operational temperatures. The results showed that the kinetic degradation of Anthocyanin closed to second order reaction as seen in Table 2 . This was new finding since the usual kinetic model for anthocyanin degradation is the kinetic first model such as blood orange juice [14, 15] , sour cherry paste [21] , red currant juice [22] . Perhaps, the different pretreatment by introduction of foaming agent as implemented in this research resulted the different kinetic model of anthocyanin degradation. The kinetic data were then used for estimating Arrhenius parameters namely activation energy (EA) and the value of k0 (as expressed in Equation 5 ). Using the validated Arrhenius parameters, the constant of anthocyanins degradation rate can be estimated for both interpolated and extrapolated temperature (40 and 70 o C). Furthermore, the anthocyanin retention during the drying time at the extrapolated temperature can be predicted. The anthocyanin retention estimated by the models was then compared with experiment data at the same drying time [11] and temperature. The result as depicted in Table 3 indicated that the model can fit with experiment data with the deviation rounding 4.0-5.0 %.
Anthocyanins Structure Changes
The thermal degradation caused the structural changes of anthocyanins [19] [20] [21] . The cyanidin-3-sambubioside converted to the phenolic aldehyde (phloroglucinaldehyde) and protocate- (Figure 1) . Whereas, the Delphinidin-3-sambubioside changed to phenolic aldehyde (phloroglucinaldehyde) and phenolic acids namely gallic acid, as presented in Figure 2 [23] . The anthocyanin degradation increased for longer thermal processing [18] . There were some structural changes based on FTIR analysis (Figure 3) . The peak of dried extract was not as high as the peak of fresh extract. The b and c peak can be seen in the dried product. While in the fresh extract it did not appear. The b and c peak indicated the peak of C=O (aldehyde) and =C-H (aldehyde) which form the structure of phenolic aldehyde or phloroglucinaldehyde (see Table 4 ). The degradation product (gallic acid, protocatechuic acid, and phloroglucinaldehyde) appeared in dried roselle extract as the effect of thermal degradation of anthocyanins [18] .
Conclusions
Roselle extract with foam formulation contains total anthocyanins around 56.11 mg.L -1 . In higher drying temperature and longer drying time, the anthocyanin content degraded significantly. Combination of foam mat drying and dehumidification process can shorten the drying process which can can retain the anthocyanin content. 
